Identification of Fritillariae bulbus from adulterants using ITS2 regions  by Xiang, Li et al.
Plant Gene 7 (2016) 42–49
Contents lists available at ScienceDirect
Plant Gene
j ourna l homepage: www.e lsev ie r .com/ locate /p lantgeneIdentiﬁcation of Fritillariae bulbus from adulterants using ITS2 regionsLi Xiang a, Yanyan Su b, Xiwen Li a, Gang Xue c, Qiang Wang c, Julian Shi c, Lizhi Wang d,⁎, Shilin Chen a,⁎
a Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China
b Huaibei Normal University, Anhui 235000, China
c Chengdu Enwei Investment (Group) Co., Ltd., Chendu 610200, China
d College of Traditional Chinese Pharmacy, Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China⁎ Corresponding authors.
http://dx.doi.org/10.1016/j.plgene.2016.05.001
2352-4073/© 2016 Elsevier B.V. All rights reserved.a b s t r a c ta r t i c l e i n f oArticle history:
Received 13 April 2016
Received in revised form 21 May 2016
Accepted 26 May 2016
Available online 11 June 2016Distinguishing the ﬁve types of Fritillariae bulbus (Fritillariae cirrhosae bulbus, Fritillariae ussuriensis bulbus,
Fritillariae pallidiﬂorae bulbus, Fritillariae thunbergii bulbus and Fritillariae hupehensis bulbus) is difﬁcult be-
cause of their similar morphological, physical, and chemical characteristics. These species, which are included
in the Chinese Pharmacopoeia, exhibit different therapeutic effects. Therefore, we used internal transcribed spacer
2 (ITS2) regions as DNA barcode to distinguish the ﬁve types of Fritillariae bulbus from each other and their adul-
terants. A total of 151 samples belonging to ﬁve types of Fritillariae bulbus (a total of 11 species of Fritillaria) and
two adulterant species were collected. The phylogeny was constructed using the neighbor joining (NJ), maxi-
mum parsimony (MP), and maximum likelihood (ML) methods. Genomic DNAs were successfully extracted
from all bulbus samples and obtaining high-quality ITS2 sequences via polymerase chain reaction optimization.
The length of the ITS2 sequence of 12 Fritillaria species ranged from 235 bp to 241 bp, and the average GC con-
tents were over 68%. Adulterants Bolbostemma paniculatum and Fritillaria maximowiczii could be distinguished
from all Fritillariae bulbus species by using the distance and tree methods. The ML tree showed better topology
than the NJ andMP trees. Members of each type of Fritillariae bulbus formed one clade, which was strongly sup-
portedwith bootstrap values, except for Fritillariae thunbergii bulbus and Fritillariae hupehensis bulbus in theML
tree. Therefore, DNA barcoding technology based on ITS2 regions can be used to distinguish the ﬁve types of
Fritillariae bulbus from each other and their adulterants except for Fritillariae thunbergii bulbus and Fritillariae
hupehensis bulbus.
© 2016 Elsevier B.V. All rights reserved.Keywords:
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Fritillariae bulbus (Beimu in Chinese), which was ﬁrst recorded in
Shennong Bencao Jing (Xie et al., 2000), is well-known for its ability to
clear heat, eliminate phlegm, and relieve cough (Pharmacopoeia,
2015). The following ﬁve Fritillariae bulbus with different therapeutic
effects have been described in the Chinese Pharmacopoeia: Fritillariae
cirrhosae bulbus, Fritillariae ussuriensis bulbus, Fritillariae pallidiﬂorae
bulbus, Fritillariae thunbergii bulbus and Fritillariae hupehensis bulbus
(Pharmacopoeia, 2015). The original plants of Fritillariae cirrhosae
bulbus are Fritillaria cirrhosa D. Don, Fritillaria unibracteata Hsiao et
K. C. Hsia, Fritillaria przewalskii Maxim, Fritillaria delavayi Franch,
Fritillaria taipaiensis P. Y. Li, and F. unibracteata Hsiao et K. C. Hsia var.
wabuensis (S. Y. Tang et S. C. Yue) Z. D. Liu, S. Wang et S. C. Chen.
These plants are mainly distributed in Sichuan, Gansu, and Qinghai
provinces. The original plants of Fritillariae pallidiﬂorae bulbus are
Fritillaria walujewii Regel and F. pallidiﬂora Schrenk, which are
mainly distributed in Xinjiang province (Fig. 1). Fritillariae ussuriensisbulbus, Fritillariae thunbergii bulbus, and Fritillariae hupehensis bulbus
are from F. ussuriensisMaxim, F. thunbergiiMiq, and F. hupehensis Hsiao
et K. C. Hsia, respectively (Xiao et al., 2007). Unfortunately, the identiﬁ-
cation of the different types of Fritillariae bulbus is difﬁcult because of
their similar morphological characteristics (Fig. 2). Given the special
health care and therapeutic requirements for moistening the lungs to
arrest cough, the limited resources, and the high market demand, the
price of Fritillariae cirrhosae bulbus reached 2900 yuan/kg in 2015.
This amount is higher than the price of other Fritillariae bulbus. There-
fore, other species of Fritillariae bulbus are often used to adulterate
Fritillariae cirrhosae bulbus. In addition, Bolbostemma paniculatum,
which can remove toxins and resolve hard mass for detumescence, as
well as Fritillaria maximowiczii, are also used to adulterate Fritillariae
bulbus (Luo et al., 2012). Previous studies have revealed that total alka-
loid and saponin were the main active ingredients of Fritillariae bulbus,
which could relieve cough, asthma and eliminate phlegm effectively
(Chan et al., 2011; Duan et al., 2012; Matsuo et al., 2013; Wang et al.,
2012; Yu et al., 2000). However, the misuse of Fritillariae bulbus and
adulterants threatens drug safety because of different effective constit-
uents and pharmacological effects (Li et al., 2013; Xiao et al., 2007;
You, 2010; Yu et al., 2000; Zhu, 2010). Therefore, an accurate and
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the drug safety of Fritillariae bulbus, a traditional Chinese medicine.
DNA barcoding is a novel and powerful identiﬁcationmethod (Chen
et al., 2014; Hebert et al., 2003; Kress et al., 2005). The study Principles
for molecular identiﬁcation of traditional Chinese materia medica using
DNA barcoding has been included in the Pharmacopoeia of the People's
Republic of China (2010 edition, enlarged text III) (Chen et al., 2013a;
Pharmacopoeia, 2014). The internal transcribed spacer 2 (ITS2) region
has been proposed as a candidate DNA barcode for medicinal plants
(Chen et al., 2010; Han et al., 2016; Hou et al., 2013a; Xiang et al.,
2015; Yao et al., 2010). At present, the DNA barcoding technique has
been successfully used to identify traditional Chinese medicines from
adulterants and closely related species (Hu et al., 2015; Liu et al.,
2015; Pang et al., 2013, 2011), such as Corni Fructus (Hou et al.,
2013b), Aristolochiaceous herbs (Wu et al., 2015), Ganoderma species
(Liao et al., 2015), and Rhodiola species (Xin et al., 2015). Therefore,
this study used the ITS2 region to distinguish Fritillariae bulbus from
other species and adulterants.
2. Materials and Methods
2.1. Materials
A total of 151 samples belonging to 11 species of Fritillariae bulbus
and two adulterants, namely, F. maximowiczii and B. paniculatum, were
collected fromwild areas and herbalmarkets (Figs. 1 and 2). All samples
were identiﬁed by Professor Yibo Luo from the Institute of Botany of the
Chinese Academy of Science. The voucher samples were deposited atFig. 1. Geographic distributions of Fritillariaethe Institute of Chinese Materia Medica, China Academy of Chinese
Medical Sciences. Seventeen ITS2 sequences of nine Fritillaria spe-
cies, namely, F. cirrhosa, F. przewalskii, F. delavayi, F. unibracteata,
F. taipaiensis, F. ussuriensis, F. pallidiﬂora, F. thunbergii, and F. hupehensis,
were downloaded from GenBank (Table 1).2.2. DNA Extraction, PCR Ampliﬁcation, and Sequencing
Genomic DNA was extracted from silica gel-dried bulbus or bulbus
bought from markets according to the protocol of the Plant Genomic
DNA Kit (Tiangen Biotech Co.). The genomic DNA extraction methods
were optimized with slight modiﬁcation of the Plant Genomic DNA Kit
protocol. These modiﬁcations included increasing the sampling weight,
adding more lysis buffer GP1, and cleaning one to three times using a
nucleus separation liquid until the supernatant layer became lightly
colored or colorless.
The polymerase chain reaction (PCR) ampliﬁcation of the ITS2 region
was conducted in a Peltier Thermal Cycler PTC0200 (BioRad) using ap-
proximately 30 ng of genomic DNA as a template in a 25 μL reactionmix-
ture (1 × PCR buffer without MgCl2, 2.0 mM•L‐1 MgCl2, 0.2 mM•L‐1 of
each dNTP, 0.1 μM•L-1 of each primer (Synthesized by Sangon Co.)) and
1.0 U of Taq DNA polymerase (Biocolor BioScience & Technology Co.,
China). The primers of the ITS2 region are as follows: ITSP3: 5′-
YGACTCTCGGCAACGGATA-3′, ITSE4: 5′-RGTTTCTTTCCTCCGCTTA-3′.
The reaction conditions of the ITS2 region were obtained from previous
studies (Chen et al., 2010). The PCR products were run on a 1.0% agarose
gel in 0.5 × TBE puriﬁed buffer. The puriﬁed PCR products werebulbus and their adulterants samples.
Fig. 2.Morphological characters of Fritillariae bulbus and their adulterants.
44 L. Xiang et al. / Plant Gene 7 (2016) 42–49sequenced with the ampliﬁcation primers on a 3730 XL Sequencer (Ap-
plied Biosystems).2.3. Sequence Alignment and Data Analysis
The attained trace ﬁles were trimmed and assembled with the
CondonCode Aligner V 3.0 (CondonCode Co.). The ITS2 sequences
were obtained by removing the conserved 5.8 S and 28 S rRNA se-
quences using HMMer analysis based on the hidden Markov model
(Keller et al., 2009). The ITS2 sequences used in this study were aligned
using MEGA5.1 (Center for Evolutionary Medicine and Information,
USA). Intra- and inter-speciﬁc distances were calculated according to
the Kimura 2-Parameter model. Three phylogenetic trees, namely,
neighbor joining (NJ) tree, maximum parsimony (MP) tree, and
maximum likelihood (ML) tree,were constructed to identify the species
of Fritillariae bulbus and their adulterants.3. Results
3.1. DNA Extraction and PCR Ampliﬁcation
Dry Fritillariae bulbus contain several starch grains and secondary
metabolites, but they contain limited genomic DNAs. Therefore, the ge-
nomic DNAs of Fritillariae bulbus are difﬁcult to extract. In this study,
the total genomic DNA of 151 samples was extracted using an optimal
DNA extraction method. The primers of the ITS2 region were ITSP3
and ITSE4, whichwere better suited for monocotyledons than universal
primers ITS2F and ITS3R. The available ITS2 sequences were obtained
after conducting bidirectional ampliﬁcation and sequencing. The se-
quences generated in this study were submitted to GenBank (Table 1).3.2. Sequence Characteristics and SNP Analysis
The characteristics of 168 ITS2 sequences are shown in Table 2. The
length of the ITS2 sequence of 12 species of the Fritillaria genus ranged
from 235 bp to 241 bp. The length of the ITS2 sequences of F. cirrhosa,
F. przewalskii, F. delavayi, F. unibracteata, F. unibracteata var.
wabuensis, F. taipaiensis, F. thunbergii, and F. hupehensis was 238 bp.
The sequence lengths of two adulterants, namely, F. maximowiczii
and B. paniculatum, were 237 and 236 bp, respectively. The average
GC contents of 12 Fritillaria species were over 68%, which were
higher than the average GC content of B. paniculatum (59.4%). The se-
quence length of 146 samples of 12 Fritillaria species after alignment
was 241 bp. The 146 ITS2 sequences of Fritillaria species were divided
into 22 haplotypes; 35 variable sites were detected, including 22
parsimony-informative sites and 13 non-parsimony-informative sites
(Fig. 3). SNP identiﬁcation is an efﬁcient method for the rapid and accu-
rate identiﬁcation of plants in existing studies (Chen et al., 2013b; Lee
et al., 2012). Six Fritillariae cirrhosae bulbus species shared nine haplo-
types. Three special SNP sites at the 27th (A-C/T-C), 38th (T-G), and
153rd (T-C) bases were detected, and these sites could be used to distin-
guish Fritillariae cirrhosae bulbus from other Fritillariae bulbus. A unique
G base insertion and a special variable site (A-T) were found in two
Fritillariae pallidiﬂorae bulbus species at the 34th and 24th sites,
respectively. Three unique SNP sites were found in F. ussuriensis at the
19th (G-T), 185th (A-G), and 239th (T-C) bases. Only one haplotype
was detected from 13 ITS2 sequences of F. hupehensis (E1 haplotype);
such haplotype was the same as that in F. thunbergii (D1 haplotype).
Therefore, F. hupehensis could not be distinguished from F. thunbergii be-
cause they shared one haplotype. For the two adulterants, ﬁve SNP sites
were found in F. maximowiczii at the 28th (C-T), 46th (C-T), 112th (G-T),
206th (T-C), and 207th (G-C) bases. By contrast, only one variable site
was found in B. paniculatum at the 215th (A-G) base.
Table 1
Information of the samples used in this study.
Name Species Sample
No.
Haplotype Haplotype
No.
Voucher No. GenBank No. Locality
Fritillariae cirrhosae
bulbus
F. cirrhosa 27 A1 8 YC0330MT03-04,
YC0330MT12-13, YC0330MT18,
YC0330MT27, YC0330MT30
KT008127-28,
KT008135-36, KT008141,
KT008145, KT008148
Kangding County of Sichuan Province
YC0330MT19 KT008142 Bozhou medicinal materials market
A2 10 YC0330MT02, YC0330MT07,
YC0330MT09-11, YC0330MT14,
YC0330MT16, YC0330MT28-29
KT008126, KT008130,
KT008132-34, KT008137,
KT008139, KT008146-47
Kangding County of Sichuan Province
– KF906207 GenBank
A4 6 YC0330MT06, YC0330MT08,
YC0330MT17, YC0330MT25-26
KT008129, KT008131,
KT008140, KT008143-44
Kangding County of Sichuan Province
– JF778850 GenBank
A5 3 YC0330MT15 KT008138 Kangding County of Sichuan Province
YC0330MT31 KT008149 Bozhou medicinal materials market
– HM045469 GenBank
F. przewalskii 9 A1 3 YC0784MT01-02 KT008159-60 Kangding County of Sichuan Province
– KF906210 GenBank
A4 1 YC0784MT05 KT008163 Kangding County of Sichuan Province
A5 3 YC0784MT03-04 KT008161-62 Kangding County of Sichuan Province
YC0784MT06 KT008164 Min County of Gansu Province
A7 1 – GQ205115 GenBank
A9 1 – JF778852 Min County of Gansu Province
F. delavayi 7 A4 3 YC0785MT05-06 KT008202-03 Kangding County of Sichuan Province
– GQ205130 GenBank
A5 3 YC0785MT02-04 KT008199-201 Kangding County of Sichuan Province
A9 1 PS2552MT01 KT030251 Kangding County of Sichuan Province
F. unibracteata 10 A1 5 YC0377MT02, YC0377MT04-05,
YC0377MT07-08
KT008152, KT008154-55,
KT008157-58
Ruoergai County of Sichuan Province
A3 1 YC0377MT03 KT008153 Ruoergai County of Sichuan Province
A4 1 – HQ448866 GenBank
A6 2 YC0377MT06 KT008156 Ruoergai County of Sichuan Province
PS0021MT01 JF778851 Hongyuan County of Sichuan Province
A8 1 – GQ205123 GenBank
F. unibracteata
var. wabuensis
8 A1 5 YC0787MT01-02,
YC0787MT08-09, YC0787MT11
KT008204-05,
KT008207-08, KT008210
Mao County of Sichuan Province
A4 3 YC0787MT07, YC0787MT10,
PS2556MT01
KT008206, KT008209,
JF778854
Mao County of Sichuan Province
F. taipaiensis 3 A9 3 YC0786MT01-02 KT008150-51 Songpan County of Sichuan Province
– HM045470 GenBank
Fritillariae ussuriensis
bulbus
F. ussuriensis 27 B1 22 CBS051MT01-03 KT008173-75 Changbai Mountain of Jilin Province
FDC260 KT008176 National Institutes for Food and Drug
Control
YC0057MT04, YC0057MT08-09,
YC0057MT15-16
KT008177, KT008180-81,
KT008187-88
Bozhou medicinal materials market
YC0057MT06 KT008178 Qingyuan County of Liaoning Province
YC0057MT10-11 KT008182-83 Hehuachi medicinal materials market
YC0057MT13, YC0057MT18-26 KT008185, KT008190-98 Tonghe County of Wuhe City of
Heilongjiang
B2 4 YC0057MT07, YC0057MT14,
YC0057MT17
KT008179, KT008186,
KT008189
Hehuachi medicinal materials market
YC0057MT12 KT008184 Anguo medicinal materials market
B3 1 – DQ191622 GenBank
Fritillariae pallidiﬂorae
bulbus
F. pallidiﬂora 12 C1 8 YC0138MT03-06,
YC0138MT09-10,
YC0138MT12-13
KT008213-16,
KT008219-20,
KT008222-23
Yili City of Xinjiang Province
C2 1 YC0138MT07 KT008217 Yili City of Xinjiang Province
C3 1 – HQ010405 GenBank
C4 1 YC0138MT11 KT008221 Bozhou medicinal materials market
C5 1 YC0138MT08 KT008218 Yili City of Xinjiang Province
F. walujewii 2 C1 1 YC0788MT02 KT008212 Yili City of Xinjiang Province
C2 1 YC0788MT01 KT008211 Yili City of Xinjiang Province
Fritillariae thunbergii
bulbus
F. thunbergii 25 D1a 5 YC0132MT21-24, YC0132MT26 KT030236-39, KT030241 Yin County of Zhejiang Province
D2 2 YC0132MT27-28 KT030242-43 Chongqing City
D3 3 YC0132MT19-20, YC0132MT25 KT030234-35, KT030240 Yin County of Zhejiang Province
D4 15 YC0132MT12-18 KT030227-33 Anguo medicinal materials market
YC0132MT29-32 KT030244-47 Linan County of Zhejiang Province
YC0132MT33-35 KT030248-50 Panan County of Zhejiang Province
– HQ448863 GenBank
Fritillariae hupehensis
bulbus
F. hupehensis 13 E1a 8 YC0781MT01-03,
YC0781MT05-09
KT008165-67,
KT008168-72
Enshi County of Hubei Province
5 – KF906199-203 GenBank
Adulterants F. maximowiczii 3 F1 3 YC0853MT01-03 KT934331-33 Heilongjiang Province
B. paniculatum 22 G1 17 YC0178MT02-18 KT030206-22 Anguo City of Hebei Province
G2 5 YC0178MT19-22, PS0470MT01 KT030223-26, GQ434431 Beijing City
a Note: D1 and E1 shared the same haplotype.
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Table 2
ITS2 sequence characteristics of Fritillariae bulbus and their adulterants.
Name Species Sample
no.
Sequence length /bp GC
content(mean)/%
Internal variable
sites
Intraspeciﬁc K2P distance
(mean)
Interspeciﬁc K2P distance
(mean)
Fritillariae cirrhosae bulbus F. cirrhosa 27 238 68.1–68.9 (68.5) 2 0–0.0085 (0.0041) 0–0.7820 (0.1479)
F. przewalskii 9 238 67.6–69.3 (68.4) 5 0–0.0213 (0.0075) 0–0.7820 (0.1323)
F. delavayi 7 238 68.1–69.3 (68.4) 4 0–0.0170 (0.0061) 0–0.7820 (0.1310)
F. unibracteata 10 238 67.6–68.5 (68.2) 6 0–0.0257 (0.0074) 0–0.7888 (0.1352)
F. unibracteata
var. wabuensis
8 238 68.1–68.5 (68.3) 1 0–0.0042 (0.0023) 0–0.7820 (0.1327)
F. taipaiensis 3 238 68.8–69.3 (69.2) 0 0 0–0.7930 (0.1257)
Fritillariae ussuriensis bulbus F. ussuriensis 27 235–237 70.2–70.9 (70.6) 2 0–0.0086 (0.0014) 0.0258–0.7861 (0.1608)
Fritillariae pallidiﬂorae bulbus F. pallidiﬂora 12 239–241 69.9–70.7 (70.6) 5 0–0.0170 (0.0051) 0–0.7781 (0.1431)
F. walujewii 2 239 70.3–70.7 (70.5) 2 0.0084 0–0.7781 (0.1336)
Fritillariae thunbergii bulbus F. thunbergii 25 238 71.3–71.8 (71.5) 3 0–0.0128 (0.0045) 0–0.7700 (0.1434)
Fritillariae hupehensis bulbus F. hupehensis 13 238 71.8 0 0 0–0.7543 (0.1344)
Adulterants F. maximowiczii 3 237 68.8 0 0 0.0434–0.7769 (0.1620)
B. paniculatum 22 236 59.3–59.7 (59.4) 1 0–0.0043 (0.0011) 0.7245–0.7930 (0.7661)
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The intra- and inter-speciﬁc distances of the ITS2 sequences are
shown in Table 2. The intraspeciﬁc distance of F. taipaiensis and
F. hupehensis was 0. For the adulterants, the minimum interspeciﬁc
distances of F. maximowiczii and B. paniculatum were higher than
the maximum intraspeciﬁc distances. Therefore, the counterfeits
F. maximowiczii and B. paniculatum could be distinguished from all
Fritillariae bulbus using the distance method. Unfortunately, the mini-
mum interspeciﬁc distances of 11 Fritillaria species were lower than
the maximum intraspeciﬁc distances, except for F. ussuriensis. In otherFig. 3. The intraspeciﬁc variable sites in the ITS2 sequences of Fritillaria speciewords, F. ussuriensis could be distinguished from the 10 remaining
Fritillariae bulbus at the species level on the basis of the distance
method.
3.4. Phylogenetic Tree Analysis
Phylogenetic trees were constructed using 38 haplotypes of the ITS2
sequences and using theNJ tree,MP tree, andML treemethods based on
genetic distances. TheML tree exhibited better topology than theNJ and
MP trees (Fig. 4). F. maximowiczii and B. paniculatum formed into a sin-
gle branch with high values. Therefore, the adulterants F. maximowicziis. Note: The colorful indicates single nucleotide polymorphisms (SNPs).
Fig. 4.Maximum Likeihood (ML) tree based on ITS2 sequences of Fritillariae bulbus and their adulterants (The bootstrap scores (100 replicates) are shown (≥50%) for each branch).
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using the ML tree method. Moreover, the original species of Fritillariae
cirrhosae bulbus, Fritillariae pallidiﬂorae bulbus, and Fritillariae
ussuriensis bulbus formed into single branches with high values of
100, 96, and 97, respectively. However, Fritillariae thunbergii bulbus
and Fritillariae hupehensis bulbus shared the same haplotype and
could not be distinguished from each other.
4. Discussion
Nearly 130 species belong to Fritillaria, and 24 of these species
(15 endemic species) are distributed in China according to Flora of
China (2000). However, the classiﬁcation of Fritillaria is confusing. For
example, Flora Reipublicae Popularis Sinicae described 60 species belong-
ing to Fritillaria, with 20 of these species and two variants distributed in
China. Mahmoud Kiani (Kiani et al., 2015) and Dacheng Hao (Hao et al.,
2014) mentioned 165 species that belong to Fritillaria. Moreover, the
morphological characteristics of Fritillariae bulbus are so similar that
they cannot be distinguished from one another. Thus, differentFritillariae bulbus are mistakenly used for clinical therapy. Yan You
(You, 2010) and Xuan Zhu (Zhu, 2010) found that in clinical therapy,
Fritillariae ussuriensis bulbus and Fritillariae pallidiﬂorae bulbus
are usually used as Fritillariae cirrhosae bulbus and that Fritillariae
hupehensis bulbus is often used as Fritillariae thunbergii bulbus. Xuan
Zhu (Zhu, 2010) found that immature Fritillariae hupehensis bulbus
and Fritillariae thunbergii bulbus, as well as little Fritillariae ussuriensis
bulbus, are also used as Fritillariae cirrhosae bulbus. Kun Luo (Luo et al.,
2012) and Yan You (You, 2010) found that F. maximowiczii is often
substituted for Fritillariae cirrhosae bulbus. However, the chemical
compositions of these species signiﬁcantly differ (Xiao et al., 2007).
B. paniculatum, the adulterant of Fritillariae bulbus, can also be found
in markets (Luo et al., 2012) and thus threatens the drug safety of
Fritillariae bulbus.
In this study, most of the candidate genes were difﬁcult to
amplify because the content of genomic DNA was extremely low to be
extracted from Fritillariae bulbus. Thus, we optimized the DNA extrac-
tion methods. Xiwen Li reported that the combinatorial sequence
psbA-trnH + ITS2 was better than a single sequence in distinguishing
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amplify in comparisonwith the ITS2 sequence after optimizing the DNA
extraction methods (Li, 2009). Therefore, only the ITS2 sequence was
used in the present study to identify Fritillariae bulbus. The results indi-
cated that the adulterants B. paniculatum and F. maximowiczii could be
distinguished from Fritillariae bulbus. However, the ITS2 sequences of
six species of Fritillariae cirrhosae bulbus could not be distinguished
from one another because they shared similar haplotypes. Kun Luo
(Luo et al., 2012) showed the original species of Fritillaria cirrhosae
bulbus could not be distinguished from one another on the basis of
the ITS2 region. However, in the present work, such species formed
into a single branch that could be distinguished accurately from other
Fritillariae bulbus and adulterants on the basis of the ITS2 sequences.
Themain production areas of six original species of Fritillariae cirrhosae
bulbus are distributed in Sichuan, Tibet, andGansu provinces. Fritillariae
cirrhosae bulbus species are cross-pollinated plants (Zhang et al., 2010).
The ﬁnding indicates that the genetic relationship of the six Fritillariae
cirrhosae bulbus species is considerably close that they cannot be distin-
guished from one another. The complex group of Fritillariae cirrhosae
bulbusmaybe young, but the group is in the stage of signiﬁcant differen-
tiation and speciation (Luo et al., 2012; Xiao et al., 2007). According to
Peigen Xiao (Xiao et al., 2007), signiﬁcant differences in morphological
characteristics exist, but the chemical compositions of six Fritillariae
cirrhosae bulbus species are similar. LizhiWang reported that the chem-
ical compositions of Fritillariae cirrhosae bulbus's original species are
stable usingHPLC-ELSD (Wang, 2013).With suchﬁndings, the adoption
of the six species as source of Fritillariae cirrhosae bulbus in the present
study was found to be reasonable. F. walujewii and F. pallidiﬂora, which
are mainly distributed in Xinjiang province, could not be distinguished
from each other and have the same active ingredients could thus be
reasonably used as Fritillariae pallidiﬂorae bulbus (Xiao et al., 2007).
Only one haplotype was found in thirteen F. hupehensis samples,
which shared the same haplotype and SNPswith F. thunbergii. It indicat-
ed that the two species could not be distinguished from each other
clearly using ITS2 region. ITS, rbcL and martK regions, the important
candidate barcodes, were not been ampliﬁed in present study due to
the limitations in some taxa and low identiﬁcation rate (CBOL Plant
Working Group and Janzen, 2009; Kress et al., 2005). The identiﬁcation
of F. hupehensis and F. thunbergii using other barcodes can be performed
in the further research. Fritillariae thunbergii bulbus and Fritillariae
hupehensis bulbus differ in terms of constituents of quality control.
Nevertheless, the species exhibited a close genetic relationship in the
present study. Although Fritillariae thunbergii bulbus and Fritillariae
hupehensis bulbus are both effective for cough, asthma, and phlegm,
further study is needed to conﬁrm whether Fritillariae hupehensis
bulbus can be used as Fritillariae thunbergii bulbus.
The relationship of Fritillaria specieswas found to be extremely com-
plex that they could not be identiﬁed with a single sequence. Xiwen Li
(Li et al., 2015) predicted that the super barcode chloroplast genome
can be used for efﬁcient plant identiﬁcation. Qiushi Li (Li et al., 2014)
reported that the chloroplast genomes of three Fritillaria species
(F. cirrhosa, F. taipaiensis, and F. hupehensis) can be detected in intraspe-
cies SNPs at a minimum variant frequency. Therefore, further studies
are needed to accurately identify Fritillariae bulbus at the species
level. At present, the ITS2 region can be used as a DNA barcode to
identify different types of Fritillariae bulbus and their adulterants and
thereby ensures the drug safety of Fritillariae bulbus.
5. Conclusion
Five types of Fritillariae bulbus exhibit different therapeutic effects.
However, distinguishing these species is difﬁcult because of their simi-
lar morphological, physical, and chemical characteristics. Furthermore,
their genomic DNAs are difﬁcult to extract because Fritillariae bulbus
species contain several starch grains and secondary metabolites.
The present study successfully extracted genomic DNAs from allbulbus samples after optimizing the extraction methods and obtaining
high-quality ITS2 sequences through PCR optimization. Adulterants
B. paniculatum and F.maximowicziiwere distinguished fromall Fritillariae
bulbus species by using the distance and tree methods. The members of
each type of Fritillariae bulbus formed one clade. Each clade was
strongly supported by bootstrap values, except for Fritillariae thunbergii
bulbus and Fritillariae hupehensis bulbus in the ML tree. Therefore, DNA
barcoding technology based on the ITS2 region could distinguish the
ﬁve types of Fritillariae bulbus from each other and their adulterants
except for Fritillariae thunbergii bulbus and Fritillariae hupehensis bulbus.
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